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Abstract This investigation is a secondary analysis of
data from a randomized control trial of the PLAY Home
Consultation Intervention Program which was conducted
with 112 preschool children with Autism Spectrum
Disorders and their parents (Solomon et al. in J Dev Behav
Pediatr 35:475-485, 2014). Subjects were randomly
assigned to either a community standard (CS) treatment
group or to the PLAY Project plus CS Treatment (PLAY).
PLAY subjects received monthly parent—child intervention
sessions for 1 year during which parents learned how to use
the rationale and interactive strategies of the Develop-
mental, Individual-differences, Relationship-based (DIR)
intervention model (Greenspan and Weider in The child
with special needs: encouraging intellectual and emotional
growth. DeCapo Press, Cambridge, MA, 1998) to engage
in more responsive, affective and less directive interactions
with their children. This investigation examined whether
PLAY intervention effects on parents’ style of interacting
with their children as well as on children’s social engage-
ment mediated the effects of PLAY on children’s autism
severity as measured by ADOS calibrated severity scores.
Regression procedures were used to test for mediation.
There were two main findings. First the effects of PLAY on
children’s social engagement were mediated by the
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increases in parental responsiveness and affect that were
promoted by PLAY. Second, the effects of PLAY on the
severity children’s Social Affect disorders were mediated
by changes in parental responsiveness and affect; however,
the effects of Responsive/Affect were mediated by the
impact these variables had on children’s social engage-
ment. Results are discussed in terms of contemporary
models of developmental change including the develop-
mental change model that is the foundation for DIR.

Keywords Autism - Early intervention - Parent-mediated
intervention - Model of developmental change

Introduction

The PLAY Project [(PLAY)—Play and Language for
Autistic Youngsters] is a relationship based early inter-
vention (RBI) that is designed to enhance children’s
developmental functioning and decrease their autistic
characteristics by teaching parents to routinely engage in
social, play and communicative interactions that are char-
acterized by high levels of responsiveness and affect and
moderate to low levels of directiveness. PLAY has opera-
tionalized the Developmental, Individual-differences,
Relationship-based (DIR) intervention model developed by
Greenspan and Wieder (1997, 1998) by adapting DIR
theory and principles into a structured home visiting
intervention that includes coaching, modeling, and video
feedback related to parents’ use of PLAY methods, tech-
niques, and activities.

A randomized control trial (RCT) of PLAY was con-
ducted with 112 preschool aged children with diagnoses of
Autism Spectrum Disorder (ASD) and their parents
(Solomon et al. 2014). Subjects were randomly assigned to
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a community standard (CS) intervention plus PLAY versus
a CS intervention only. Over the course of 1 year, PLAY
consultants made monthly 3 h home visits during which
they coached parents on the use of PLAY strategies. In
addition, a 15 min video of representative play interaction
was recorded and analyzed. This analysis was used to
develop a written plan describing methods, techniques, and
activities to foster parents’ interactional abilities and pro-
mote their children’s development.

Pre-post comparisons indicated that compared to CS
mothers, PLAY mothers’ interactions with their children
became more responsive and affective and less directive. In
addition, PLAY children’s interactions were marked by a
significant increase in social engagement. Although, group
differences on standardized language and certain develop-
mental measures were not significant, there were signifi-
cant group differences on children’s Autism Diagnostic
Observation Schedule (ADOS-G). PLAY children were
more than twice as likely as CS children to improve their
ADOS-G diagnostic classification.

While results from this study indicated that PLAY was
causally related to improvements in children’s autism
classification, this study did not delineate the mechanisms
that were the basis for these changes. That is, changes in
autism classification could have been caused by one or all
of the changes in parent interactive style that were pro-
moted by PLAY, or by the effects of PLAY on children’s
social engagement. Information about the actual mecha-
nisms that contributed to children’s changes are important
not only for improving the efficiency of PLAY, but also for
identifying processes that may be helpful for improving the
effectiveness of other interventions for young children with
autism (Aldred et al. 2012).

Parenting Style and Developmental Change

PLAY is based upon the transactional ’{nogce*l of development
(Sameroff 2010) which asserts that the quality and frequency
of interactions that take place between parents and children
are the primary mechanism for developmental change. The
focus of PLAY on encouraging high levels of responsiveness
and affect is consistent with descriptive research studies
which have report’ek:glc glggkt*parental responsiveness, particu-
larly as assessed by measures of contingency, reciprocity,
affect and non-directiveness, is associated with optimal
levels of child development and social emotional function-
ing (Warren and Brady 2007; Mahoney and Nam 2011).
These findings have not only been reported for typically
developing children but also for children with a range of
developmental risks and disabilities including autism
(McDuffie and Yoder 2010; Siller and Sigman 2002, 2008).

PLAY encourages parents to use interactional methods
and strategies to enhance their children’s engagement in
social interaction. It is organized around the Functional
Emotional Developmental Levels (FEDL) as described by
Greenspan and Weider (1998) which is used to guide the
principles and practices of intervention plans. PLAY
asserts that the increases in children’s functional emotional
development which parents promote through social
engagement not only address children’s social deficits but
also enhance the learning processes that are the foundations
for their developmental learning.

Causal Analyses of Relationship Based Interventions
(RBI)

Several investigations have reported that RBI interventions
are effective at promoting various domains of development
for children with a variety of disabilities including ASD
(c.f., Mahoney and Nam 2011; McCollum and Hemmeter
1997; Trivette 2003). Similar to results reported in the
PLAY RCT, many of these studies have reported signifi-
cant improvements in parents’ responsive interactive style
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However, the majority of these studies have failed to
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examine how intervention changes for parents and children

are causally associated with improvements in children’s
development and functioning. Such analyses are critical for
addressing questions and concerns about the underlying
logic models of RBIs, particularly because of the marked
differences of this approach from the evidenced based
behavioral interventions that dominate contemporary early
intervention practice for children with ASD.

Recently, two investigations reported mediational
analyses that examined potential causal pathways for
RBIs. In an evaluation of a social pragmatics communi-
cation intervention, Aldred et al. (2012) reported that
changes in parental responsiveness partially mediated .
intervention effects on children’s ADOS communication
and social domain algorithm. Karaaslan and Mahoney -
(2015) investigated child development outcomes from an
RBI (called Responsive Teaching [RT (Mahoney and
MacDonald 2007)]. A {two-step mediation analysis indi-
cated that although changes in parental responsiveness
mediated the effects of RT on child development, the
effects of responsiveness were mediated by intervention
changes in children’s engagement. Thus although RT
promoted developmental change by promoting highly
responsive parental interactions, (it was the effects of this
style of interaction on children’s engagement that was
directly associated with children’s developmental
improvements.
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Autism Severity

All subjects in the original PLAY RCT were assessed with
the ADOS-generic (ADOS-G) to determine their diagnostic
classification. After pretest data collection had been com-
pleted, the revised ADOS-2 was published (Lord et al.
2012). This version includes an algorithm for standardized
calibrated severity scores (CSS) which minimize the
effects of several child characteristics that are not defining
characteristics of autism such as children’s age, language
ability and race. However, since the PLAY randomization
was initially done using diagnostic classifications that were
based on research derived cut points for the ADOS-G (Lord
et al. 1994), replacing ADOS-G scoring with the CSS
algorithm would have invalidated the initial randomization
because many participants would have been in different
diagnostic groups or would have been disqualified from the
study. As a result, CSS scores were not used for that study
and children were classified as having autism or ASD both
at pre and post intervention based upon the ADOS-G
criteria.

Even though standardized CSS scores provide a more
reliable and valid index of autism severity, these scores still
pose challenges to assessing changes in severity over time
because they combine symptoms from the Social Affect
(SA) and Restricted and Repetitive Behavior (RRB)
domains of the ADOS. These domains are not only pur-
ported to be independent dimensions of autism, but may
also have unique developmental trajectories that respond
differently to psychosocial or medical interventions. To
address this problem, Hus et al. (2014) recently developed
separate algorithms for calibrating CSS scores for each of
these ADOS domains that can be used to evaluate changes
in these two components of autism.

Purpose and Hypotheses

The purpose of this investigation was to conduct secondary
analyses of the data from the PLAY RCT (Solomon et al.
2014) to investigate the mechanisms underlying PLAY
treatment effects on children’s autism severity as measured
by SA and RRB CSS scores. To conduct this analysis we
first re-examined the effects of PLAY on autism severity as
measured by CSS scores. We then investigated whether
significant changes in children’s autism severity as mea-
sured by CSS scores were mediated both by the interven-
tion changes in parents’ style of interaction as well as by
children’s social interactive engagement.

Four hypotheses were tested in this study. First we
hypothesized that the PLAY effects on children’s autism
severity that were observed using ADOS-G criteria would
continue to be evident using Social Affect and Restrictive
and Repetitive Behavior CSS scores. Second, since PLAY

@ Springer

intervention strategies were designed specifically to
enhance children’s social engagement, we hypothesized
that intervention changes in parents’ style of interaction
would mediate PLAY effects on children’s social engage-
ment. Third, consistent with results reported by Aldred
et al. (2012), we hypothesized that improvements in chil-
dren’s autism severity would be mediated by the changes in
parents’ style of interaction, particularly as reflected by
increases in responsiveness. Fourth, as postulated by
Greenspan and Weider (1997) we hypothesized that the
effects of parenting style on children’s autism severity
would be mediated by PLAY intervention effects on chil-
dren’s social engagement.

Model Tested:

PLAY Intervention --> Parents' Style of

Interaction (= Responsiveness) --> Children's
Autism Severity

Methods
Subjects

Families were recruited from April 2010 to June 2012
through local physician offices in four cities in the U.S.
(Detroit, MI; Peoria-Bloomington, IL: Billings, MT;
Evansville, IN), and referred for enrollment to four Easter
Seals sites in those cities, respectively. Two consecutive
cohorts participated for 1 year each. Inclusion criteria were
age 3:0-5:11 (actual 2 years 8 months—5 years 11 months)
at the time of intervention; previous clinical diagnosis of
Pervasive Developmental Disorder (PDD) according to
DSM-1IV criteria, and meeting criteria for autism or ASD
on the Autism Diagnostic Observation Schedule (ADOS)
(Lord et al. 2000) and Social Communication Question-
naire (SCQ) (Rutter et al. 2003). Exclusion criteria inclu-
ded a diagnosis of Asperger’s Disorder (due to the low
incidence of this condition at this age), genetic disorders,
severe medical conditions, a parent with severe psychiatric
disorder or cognitive impairment, and/or families in which
English was not the primary language. The Peabody Pic-
ture Vocabulary Test—Fourth Edition (Dunn and Dunn
2007) was used to screen parents for cognitive functioning
that would permit understanding of the intervention pro-
cesses, with a minimum requirement of 6th-grade vocab-
ulary. Easter Seals administrators obtained written
informed consent. Of the 148 families screened, 128 met
criteria and chose to participate, but only 112 completed
the study.

Table 1 displays child and family demographic charac-
teristics by group for subjects who completed the study. At
baseline, children’s average age was around 50 months
(range 32-71 months). In accordance with the prevalence
of autism, the majority of children were male. About one-
quarter were African-American, Asian, and/or Hispanic.
Most were from two-parent families, with more than half
reporting family incomes under $60,000 (U.S. median
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Table 1 Baseline child and

family characteristics Group Test statistic
CS (n =55) PLAY (n = 57)

Child
Age in months [M (SD)] 50.5 (9.7) 49.3 (9.8) .64%
Male 85.5 % 82.5 % 19°
Child of color 20.0 % 28.1 % 1.00°
ADOS autism diagnosis (vs. ASD) 69.1 % 71.9 % 11°
Family
Two-parent household 84.9 % 91.1 % 99°
Primary caregiver is mother 90.2 % 92.6 % 19°
Primary caregiver education

Bachelor’s degree or above 49.1 % 52.6 % 14°
Income less than $60,000 53.7 % 56.1 % 07°

CS community standard, ADOS Autism Diagnostic Observation Schedule, ASD Autism Spectrum Disorder

? 1, df = 110, not significant

> % df = 1, all values not significant

income in 2011 was $51,100). Most primary parents (re-
sponsible for participating in the intervention) were
mothers. About half of primary parents had Bachelor’s
degrees.

Randomization

De-identified demographic and diagnostic data for enrolled
families were sent to an independent research team for
randomization to community-standard intervention (CS) or
PLAY plus CS. Randomization occurred within sites using
a matched-pair design with primary blocking variables of
age (<4.49 vs. >4.5 years), ADOS-G related autism cat-
egories (autism vs. autism spectrum) and child gender.
Each group was allocated 64 families. Retention over the
study year was 89.0 % of PLAY families and 85.9 % of
control families for a total of 112 families. Retained and
non-retained families did not differ significantly on any
demographic or outcome variables.

Intervention Procedures

The PLAY Project Home Consultation (PLAY) program is
a well-established clinical model (Solomon et al. 2007) that
operationalizes the DIR theoretical framework (Greenspan
and Weider 1998). PLAY typically supplements existing
services (e.g. special education, language and occupational
therapies, and/or ABA/behavioral interventions) but has
also been implemented as a primary intervention for chil-
dren with ASD under 3 years of age.

Treatment Group Six PLAY consultants who were
occupational therapists, language therapists, or special edu-
cators and employed by Easter Seals were trained to certi-
fication. Consultants provided the standard PLAY Project

intervention consisting of a 3-h home visit monthly for
12 months (M visits = 11.5, SD = .8). Before the first visit,
parents received written and DVD-based training materials
that described PLAY principles, methods, activities, and
techniques. During all subsequent visits, consultants
obtained a 15-min representative sample of coached parent
play and consultant modeling during the visit. Parents
learned to sensitively interpret the child’s subtle and hard to
detect cues, respond contingently to the child’s intentions,
and effectively engage the child in reciprocal exchanges.
Parents were also taught to provide appropriate develop-
mental challenges to promote progress in the child’s func-
tional development as defined by Greenspan and Weider’s
six functional emotional developmental levels (Greenspan
and Weider 1998). A written video analysis, sent between
visits, reviewed the parent—child video interactions, sum-
marized the child’s developmental profile, and recom-
mended methods and techniques for improvement. The
program was revised over time to address the child’s
evolving developmental profile. Consultants were available
between visits as needed by email or phone. Families were
encouraged to engage their child in 15-20-min play sessions
and throughout daily routines for a total of 2 h/day. Parents
completed monthly logs of time spent using PLAY methods
with their child as well as hours of CS interventions.

Control Group CS children participated in special edu-
cation public pre-school (12 h/week on average), as well as
approximately 100 h/year of private speech and language
therapies. Participation in other intensive interventions
(i.e., at least 10 h/week) made families ineligible because
of the potential confound with PLAY; one family from
each group was removed for this reason. Two families from
the CS group chose to pay for PLAY services and were
dropped from the study.

@ Springer
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Measures

Data were collected prior to randomization and 12 months
later. Easter Seals site administrators collected demo-
graphic data for the child and family at the screening visit
including age, gender, race, and family composition.
ADOS evaluators were trained to research reliability. The
ADOS was administered in Easter Seals offices and eval-
uators who were blinded to intervention status. In addition,
they did not have any other involvement with the families
outside of the assessment process including the provision
of intervention services. Other parent-report measures were
completed by parents in the home, collected and reviewed
for accuracy at Easter Seals offices. All observations were
video recorded in the home, then scored by raters blinded
to group and time assignment.

Autism Severity

The ADOS-G (Lord et al. 2000) assesses social and
communication behaviors representing ASD and was
administered by independent assessors in ES offices.
Assessors administered either Module 1, for children
who used little or no phrase speech, or Module 2, for
children who used phrase speech but did not speak flu-
ently. Seventy participants were administered ADOS
Module 1 and 26 were administered Module 2 at both
pre- and post-test. The remaining 16 participants were
administered Module 1 at pre-test and Module 2 at post-
test.

For this study, autism severity was calibrated from the
raw totals of the ADOS SA and RRB domains. CSS (Hus
et al. 2014) are based upon a 10 point scale: scores from 1
to 3 are in the “Nonspectrum” range; 4-5 are in the
“ASD” range; and 6-10 in the “Autism” range. CSS
scores are reported to be less influenced by child charac-
teristics such as verbal 1Q, nonverbal 1Q, age and race than

raw domain scores (Hus et al. 2014).
Autism Severity = measured by
the raw totals of the ADOS SA

Parent and Child Interaction & RRB scores (scale: 1-10, with 1-3

= nonspectrum, 4-5 = ASD, 6-10 =
autism)
Children and their mothers were video recorded while

playing together for 7'2 min with a set of developmen-
tally appropriate toys at the beginning and completion of
intervention. Mothers were instructed to play with their
children as they typically do. Videotapes of these
observations were coded two times by trained indepen-
dent observers who were blinded to treatment allocation
or to the time of the observation (i.e., pre/post). The
Maternal Behavior Rating Scale (MBRS) was used to
assess parents’ style of interaction; the Child Behavior
Rating Scale (CBRS) was used to assess children’s
interactive engagement.

Maternal Behavior Rating Scale

The MBRS (Mahoney 2008) is a 12 item global rating
scale that assesses parents’ style of interacting with their
children. This scale has been used extensively in research
with parents of young children with disabilities and
developmental risks, including children with autism (Diken
and Mahoney 2013). Results from this research indicate
that MBRS ratings of parents’ interactive style are asso-
ciated with children’s rate of developmental growth (e.g.,
Mahoney et al. 1985; Kim and Mahoney 2005) and (are
sensitive to the effects of parent-mediated interventions
(e.g., Karaaslan and Mahoney, 2015; Mahoney and Powell
1988; Mahoney and Perales 2003, 2005). The MBRS
assesses four interactive style dimensions: Responsive/
Child Oriented (3 items, o« = .87 at baseline, .91 at follow-
up); Affect/Animation (5 items, oo = .85 at baseline, .89 at
follow-up); ‘Achievement Orientation (2 items, oo = .22 at
baseline, .58 at follow-up); and Directiveness (2 items,
o = .64 at baseline, .53 at follow-up). Interrater reliability
was assessed through intraclass correlations (ICCs) for
20 % of videos randomly selected and distributed over the
time of the study. ICCs were .64 for Responsiveness/Child
Oriented, .70 for Affect/Animation, .73 for Achievement
Orientation, and .61 for Directiveness,

Child Behavior Rating Scale

The CBRS (Mahoney and Wheeden 1999a, b) includes
seven global items that assess children’s engagement in
social interaction. This scale has been used extensively in
research with young children with disabilities including
autism (Diken and Mahoney 2013) to assess children’s
interactive behavior with their mothers and other adults
(e.g., Kim and Mahoney 2005; Mahoney et al. 2007). It has
been reported to be sensitive to the effects of RBI inter-
ventions (e.g., Mahoney and Perales 2003, 2005). The
CBRS is comprised of 7 items that assess two interactive
style dimensions for children: Attention (4 items, oo = .88
at baseline, .89 at follow-up) and Initiation (3 items,
o = .70 at baseline, .83 at follow-up). Interrater reliability
was assessed through intraclass correlations (ICCs) for
20 % of videos randomly selected and distributed over the
time of the study. ICCs for CBRS scales were .75 for
Attention and .77 for Initiation.

Social Functioning
Functional Emotional Assessment Scale
The FEAS (Greenspan et al. 2001) is an observational

instrument that was designed to assess children’s social
emotional functioning. The FEAS has six levels and 34

Mechanisms (Mediators) of the Intervention Effect = measured by MBRS (Maternal Behavior Rating Scale,

@ Springer
engagement)

assessing parents' style of interaction, assessing Responsive/Child-Oriented, Affect/Animation, Achievement
Orientation, Directiveness) & CBRS (Child Behavior Rating Scale, assessing children's interactive
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items based on Greenspan’s six functional developmental
levels (FDL) which assess the quality of children’s social
engagement. They progress from simple attention (FDL 1)
and engagement (FDL 2), to two-way, purposeful recip-
rocal exchanges (FDL 3), to problem solving gestures
(FDL 4), and then the consistent use of words (FDL 5)
leading to rich pretend play, emotional thinking, and
complex interaction (FDL 6). Items are rated as O (not at all
or very brief), 1 (present some of the time, observed several

Treatment ti@spporse(é8asislehtly present, observed many times).

Ratings were summed to compute scores. Higher raw scale
scores indicate greater social emotional development.

A 15 min parent child observation conducted exclu-
sively for the FEAS was video recorded at pre- and post-
intervention. Children’s behavior was coded by raters blind
to group allocation and assessment time. Internal consis-
tency of the FEAS was .99 at pre-test and .95 at post-test.
ICCs for interrater reliability for videos randomized over

time were .95.
Children's Social Emotional Functioning = measured by
the FEAS (Functional Emotional Assessment Scale,
assessing the quality of children's social engagement

Results from 1 = simple attention, 2 = engagement, 3 = two-way
purposeful reciprocal exchanges, 4 = problem solving
gestures, 5 = consistent use of words, 6 = rich pretend

m(itional thinking, & complex interaction)

yses

Preliminﬂ?y’Aena

A multivariate analysis of variance was conducted to
investigate changes in ADOS CSS measures over inter-
vention (Table 2). Results from this analysis indicated that
while both groups of children showed significant decreases
in autism severity during the course of intervention
(p < .001), the overall effect of PLAY on total ADOS CSS
scores was not significant (p > .05). However, univariate
analyses indicated that PLAY resulted in a significant
reduction of SA severity scores (p < .05) but not RRB
scores.

Based upon these results, the following analyses
examined whether the improvements in children’s SA
characteristics observed in the PLAY RCT were mediated
by the changes in parenting style and child social

Table 2 Analyses of PLAY treatment effects on autism severity

engagement that also occurred during intervention. For
these analyses (we created the variable SA improvement
[(SA2 — SAT) X (=1)]. In addition, ‘we used Time 2
measures to reflect €hanges in parenting style and child
engagement that occurred during intervention, since these
measures reflect the level of these behaviors as observed at
T1 in addition to the behavioral changes that occurred
during intervention.

Correlations were computed to examine the relationship
between parenting style and child engagement with SA
Improvement as well as the inter-relationships among these
variables. As indicated on Table 3, two of the four MBRS
variables, responsive and affect, as well as children’s
CBRS and the FEAS total scores were significantly cor-
related with SA Improvement (ps <.01). There was a
strong correlation between the two child variables (rcprs.
FEAs = .72, p < .01), suggesting that these variables
assessed a common underlying construct. Each of these
child variables was significantly associated with all of the
MBRS subscales (ps <.01) with the exception of
achievement.

These results were used to reduce the number of vari-
ables to be included in the mediation analyses. First, the
MBRS ‘achievement’ and ‘directiveness’ subscale scores
were eliminated because of their nonsignificant associa-
tions with SA Improvement. Second, the MBRS ‘respon-
sive’ and ‘affect’ subscale items were reduced to a single
variable using a principle component analysis. As depicted
on Table 4 this component, Responsive/Affect, accounted
for 67 % of the variance of these items and loaded posi-
tively on all responsive and affect scale items.

Tests for Mediation

Because of the strong correlation between the CBRS and
FEAS, separate mediational analyses were conducted with
these two social engagement measures. The first set of
analyses examined whether the effects of PLAY on chil-
dren’s social engagement were mediated by parents’

Variables Total Total ) F time F time x treatment
N = 55 Control (CS) N = 57 Intervention (PLAY)
Pre Post Pre Post

ADOS CSS 25.05%* 1.40

SA improvement® 7.13 (2.09) 6.05 (2.52) 7.02 (1.68) 5.14 (2.54) 58.46%* 3.82%

RRB improvement® 6.98 (2.48) 6.23 (2.67) 6.72 (2.37) 6.24 (2.67) 9.28* .01

*p < .05; % p < 001

2 ADOS calibrated severity score improvement

***RT (Responsive Teaching = PLAY Intervention = Treatment [1])
--> Style of Interaction on Children's Engagement (measured by parents'

Responsive/Affect & child's Social Engagement level)
--> Children's Developmental Improvements (measured by SA (Social
Affect) & RRB (Restricted & Repetitive Behavior) and their post-minus-pre score
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ggzl:i :/1 fgzr%ﬁ)o ns among Variables SA improvement” Affect®  Achievement® Direct”  Pivotal behavior® FEAS?

improvement, parenting style, Responsive” 35 a5EE 11 —43FE gOFE 60%%

and child engagement b )
Affect 21% —.21% —.28%* S0%* 28%*
Achievement®  —.10 35%  —.07 —.06
Direct” —.17 — 43 —.20%
CBRS* Al 7o
FEAS! 34xx

*p < 05; % p < 01

# ADOS SA calibrated severity score improvement

® MBRS subscale score at T2

¢ Total score for 7 CBRS items at T2
4 Total score for 6 FEAS subscales at T2

Table 4 Component matrix for MBRS responsive and affect sub-
scale items at Time 2

MBRS items Component
loading
Sensitivity .850
Responsiveness .896
Reciprocity 776
Acceptance 902
Enjoyment 814
Expressiveness .802
Warmth .639
Inventiveness 818

Component accounts for 67 % of variance; eigen value = 5.33

Responsive/Affect component at Time 2 using the Baron
and Kenny (1986) test for mediation. This approach tests
whether the proposed mediator mediates the effect of the
Treatment (PLAY) on the outcome (CBRS/FEAS). Table 5
reports a sequence of multivariate regression analyses
testing this effect. Step 1 tests the effects of PLAY on the
CBRS (Step 1a) and FEAS (Step 1b); Step 2 tests the
effects of PLAY on the mediator, Responsive/Affect. Step
3 tests the effects of PLAY on the outcomes, CBRS (Step
3a) and FEAS (Step 3b), in the presence of the mediator,
Responsive/Affect.

Results from these analyses indicated the following.
First, (Step 1a) there was a large effect of Treatment on
CBRS [B = .77 (.16), p = .000] and (Step 1a) a moderate
effect of PLAY on FEAS [B = 6.11 (2.25), p = .008].
Second, (Step 2) there was a large effect of Treatment on
the hypothesized mediator, Responsive/Affect [B = 1.01
(.16), p = .000]. Third, simultaneous entry of the hypoth-
esized mediator, Responsive/Affect, and Treatment into the
model predicting CBRS (Step 3a) produced a reduction in
the coefficient of the Treatment effect on CBRS which was
non-significant. Similarly entry of the hypothesized

@ Springer

mediator and Treatment into the model predicting FEAS
(Step 3b) produced a reduction in the coefficient of the
Treatment effect on FEAS which was also non-significant.
Overall, results reported in Step 3 are consistent with the
hypothesis that Responsive/Affective mediated the effects
of Treatment on children’s social engagement. 93 % of the
Treatment effect on CBRS is explained by the change in
Responsive/Affect; while 84 % of the Treatment effect on
FEAS is explained by the change in (Responsive/Affect.

The second set of analyses examined whether the effects
of PLAY on children’s Social Affect were mediated by
parents’ Responsive/Affect as well as by children’s social
engagement. Using the Baron and Kenny (1986) approach,
we conducted a two-step mediational analyses in which we
first tested the mediating effects of Responsive/Affect and
we next examined the simultaneous mediating effects of
Responsive/Affect and children’s social engagement as
assessed either by the CBRS or the FEAS on SA
Improvement.

Table 6 reports the sequence of multivariate regression
analyses that were used to test this effect. Step 1 tests the
effects of Treatment on SA Improvement. Step 2 tests the
effects of Treatment on the first mediator, Responsive/
Affect. Step 3 tests the effects of Treatment on the second
mediator, child social engagement as assessed by the
CBRS (3a) or the FEAS (3B). Step 4 tests the effects of
Treatment on SA Improvement in the presence of the
mediator Responsive/Affect. Step 5 tests for the effects of
Treatment on SA Improvement in the presence of two
potential mediators, Responsive/Affect and child
engagement.

Results indicated: (Step 1) a small effect of Treatment
on SA Improvement [B = 1.54 (.79), p = .042]; (Step 2) a
large effect of Treatment on the first hypothesized media-
tor, Responsive/Affect [B = 1.05 (.16), p = .000]; and
(Step 3) large effects of Treatment on the second hypoth-
esized mediator child social engagement as measured both
by ithe CBRS [B = .77 (.16), p = .000] land FEAS
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Table 5 Mediation analyses of

. Model B SE Beta 95 % CI p
treatment on child engagement
a b
(CBRS" and FEAS”) Step la (dependent variable: CBRS T2) Adj 1* = .17
Constant 2.32 25 1.82 to 2.81 .000
Treatment (p < .001, beta =(42) Treatment group 17 .16 42 46 to 1.08 .000
--> CBRS_T2 (child's interaction with parents; . . .2
Attention, Tnitiative; Mediator) Step 1b (dependent variable: FEAS T2) Adj ¥ = .05
Constant 30.08 3.58 22.98 to 37.17 .000
Treatment (p < .01, beta =(.25) 257
--> FEAS_T2 (child's social engagement level; Treatment group 77 .16 42-497 1.65to 10.58 .008
Mediator) Step 2 (dependent variable: Responsive/Affective component T2) Adj P =.27
Treatment (p <.001, betal = (53) Constant —1.59 .26 —2.09 to —1.08 .000

--> Responsive/Affective_T2 (parents' style of

interaction; Mediator) Treatment group 1.05 .16 .53 .73 to 1.37 .000

Step 3a (dependent variable: CBRS T2) Adj P =44
Responsive/Affective_T2 (parents'
interaction with child; p <.001, beta = (61) Constant 3:20 24 273 t0 3.68 000
+ Treatment (p = n.s., beta = {10) Responsive/Affective component T2 .56 .08 .61 40 to .71 .000
--> CBRS_T2 (child's interaction with parents) Treatment group 11 49 10 —.19 to 30 230
Responsive/Affective_T2 (parents' Step 3b (dependent variable: FEAS T2) Adj =18
interaction with child; p < .001, beta =(43)  Constant 38.39 3.88 30.71 to 46.08 .000
+ Treatment (p = n.s., beta =.03) ] .
--> FEAS_T2 Responsive/Affective component T2 5.23 1.24 43 2.77 to 7.70 .000
Treatment group .60 2.47 .03 —5.86 to 2.86 .809

# Total score for 7 CBRS items
® Total score for 6 FEAS subscales

Table 6 Mediation analyses of

. . Model B SE Beta 95 % CI p
treatment on social affective

improvement Step 1 (dependent variable: social affective improvement) Adj P =.04
Treatment (p < .05, beta = .18) Constant 721 1.26 —1.77 to 3.21 .568
--> SA Improvement Treatment group 1.54 79 18 .042
2 jable: R ive/Affecti T2) Adj ¥ = .
Treatment (p < .001, beta = 53) Step 2 (dependent variable: Responsive/Affective component T2) Adj 27
--> Responsive/Affective_T2 (parents' Constant —1.59 .26 —2.09 to —1.08 .000
interation with child) Treatment group 1.05 16 53 73 to 1.37 000
Responsive/Affective_T2 (p < .05, beta = .26) Step 3a (dependent variable: CBRS T2) Adj =17
+ Treatment (p = n.s., beta = .05) Constant 232 25 1.82 to 2.81 000
--> SA Improvement
Treatment group a7 .16 42 46 to 1.08 .000
Step 3b (dependent variable: FEAS T2) Adj ¥ = .05
Constant 30.08 3.58 22.98 to 37.17 .000
Treatment group 6.11 2.25 25 1.65 to 10.58 .008
CBRS_T2 (childs interaction with parents; Step 4 (dependent variable: social affective improvement) Adj ¥ = .07

p < .01, beta = (89) + Responsive/Affective_T2

(p = n.s., beta =.02) + Treatment (p = n.s., Constant 2.46 1.43 —.37 to 5.30 .088
beta = .01) --> SA Improvement Responsive/Affective component T2 1.10 46 26 —.19 to 2.04 018
) ) Treatment group .38 1.26 .05 —1.43 t0 2.19 .677

FEAS_T2 (child's social engagement . . o 5

level; p < .01, beta = (27) Step 5a (dependent variable: social affective improvement) Adj r* = .14

geﬁ{:ipﬂgs)"fﬁggt%ﬁt—g=(Pn_-s " odia = 04) Constant —334 2.22 ~7.78 to 1.03 132

--> SA Improvement CBRS T2 1.82 .55 .39 74 to 2.91 .001
Responsive/Affective component T2 .08 .53 .02 —97to 1.14 .878
Treatment group .03 .87 .01 —1.70 to 1.79 .960
Step 5b (dependent variable: social affective improvement) Adj P =0.12
Constant 72 1.26 —1.77 to 3.21 .568
FEAS T2 .09 .03 27 .02 to .16 .008
Responsive/Affect component T2 .61 48 .15 —.34 to 1.56 204
Treatment group .33 .89 .04 —1.43 to 2.08 715
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[B = 6.11 (2.25), p = .008]. (Step 4) Simultaneous entry
of the hypothesized mediator Responsive/Affect and
Treatment into the model predicting SA Improvement
indicated that Responsive/Affect was a significant mediator
that resulted in a substantial reduction in the coefficient of
the Treatment effect on SA Improvement. (Step 5)
Simultaneous entry of the two hypothesized mediators
Responsive/Affect and Child Engagement indicated that
children’s social engagement significantly reduced the
effects of both Treatment and Responsive/Affect on SA
Improvement. (More than 90" % of the coefficient effects of
both Treatment and Responsive/Affect were mediated by
the "CBRS; while 78 % of the coefficient effects for
Treatment and 55 % of the effects of Responsive/Affect
were mediated by the FEAS. For both sets of Step 5
analyses, neither the effects of Treatment nor Responsive/
Affect were significant indicating that PLAY intervention
effects on SA Improvement were mediated by Treatment
effects on children’s social engagement.

Figures 1 and 2 summarize the findings reported above.
As indicated on both figures results from mediational
analyses indicated that the intervention effects of PLAY
were compatible with each of the three hypothesized
mediational effects. First intervention changes in parents’
style of interaction (i.e., Responsive/Affect) mediated
PLAY effects on children’s social engagement as measured
either by the CBRS (Fig. 1) or the FEAS (Fig. 2)]. Second,
PLAY effects on children’s SA Improvement were medi-
ated by intervention changes in Responsive/Affect (Note
this effect is indicated by Betas having a superscript of 2).
Third, the effects of Responsive/Affect on SA Improve-
ment were mediated by intervention changes in children’s
social engagement as measured both by the CBRS (Fig. 1)
or FEAS (Fig. 2) (Note: this effect is indicated by Betas
having a superscript of 3). These results depict a model of
developmental change in which the changes in parents’
interactive style (i.e., Responsive/Affect) that were

.18'1/.05 2,‘

Responsive/

P Affective

,/ Component
T

227 1/403‘

Treatment
(PLAY v CS)

Responsive/
Affect Component

.26%2

Social Affective
Improvement

N FEAS

//" 3

Treatment
(PLAY v CS)

.26%2

Social Affective
Improvement

b CBRS

Fig. 1 Summary of meditational analyses of treatment effects on
CBRS and social affective improvement. 'Beta without potential
mediators; “Beta with one mediator (responsive/non-direct compo-
nent); *Beta with two mediators (responsive/non-direct component
and CBRS); *p < .01; **p < .001

@ Springer

Fig. 2 Summary of meditational analyses of treatment effects on
FEAS and social affective improvement. 'Beta without potential
mediators; *Beta with one mediator (responsive/non-direct compo-
nent); *Beta with two mediators (responsive/non-direct component
and FEAS); *p < .01; **p < .001

promoted by PLAY were indirectly associated with
improvements in children’s Social Affect because of the
impact that Responsive/Affect had on children’s social
engagement as assessed either by the CBRS (Fig. 1) or
FEAS (Fig. 2).

Discussion

This secondary analysis was conducted to investigate two
issues related to the effects of the PLAY Project on autism
severity. First, it reexamined the PLAY RCT using ADOS
CSS to determine the effects of PLAY on the severity of
children’s SA and RRB disorders. Second, it conducted
mediation analyses to determine the mechanisms by which
PLAY resulted in reductions in autism severity. In general,
there were two major findings from this investigation.

Severity of Autistic Characteristics

Although the original PLAY RCT indicated that PLAY
resulted in significant improvements in children’s ADOS-G
autism classification (Solomon et al. 2014), analyses using
ADOS CSS scores provided a different and perhaps more
accurate picture of PLAY intervention effects. PLAY did
not result in an overall reduction in autism severity as
measured by CSS scores. However, this was primarily
attributable to the finding that PLAY had no effect on the
severity of children’s RRBs. Nonetheless, there was a
significant effect of PLAY on the severity of children’s SA
disorders, and the magnitude of this effect was comparable
to the size of the effect of PLAY previously reported for
children’s ADOS-G classification (Solomon et al. 2014).
Insofar as CSS scores are less affected by non-autistic
characteristics of children such as their age and language
ability than are ADOS-G diagnostic criteria, differences
between PLAY Treatment effect findings using CSS versus
the ADOS_G criteria are compatible with criticisms that
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ADOS-G classifications may be unduly affected by char-
acteristics of children that are not specifically associated
with autism. Nevertheless, the contrasting PLAY effects
for children’s SA as versus their RRB disorders not only
refines our understanding of the effects of PLAY, but also
reinforces the notion that autism is a complex disability
that likely includes two or more semi-autonomous behav-
ioral disorders which may have unique developmental
trajectories and responses to treatment (Hus et al. 2014).

DIR was predicated on the notion that SA disorders
constitute the primary, or core, characteristic of autism.
Consistent with this notion DIR intervention strategies
were designed primarily to address children’s social affect
disorders. While DIR postulated that RRB disorders should
improve as children make social affect improvements, the
developers of this intervention emphasized the need for
multiple complementary interventions, including social-
behavioral and occupational therapy as well as pharmaco-
logical treatments, to adequately address the full scope of
behavioral disorders associated with autism. Clearly results
from this investigation underscore the possibility that RRB
disorders require a different type of treatment protocol than
do SA disorders.

Mechanism of Developmental Change

Despite the increasing evidence that RBIs can be effective
at addressing the developmental needs of children with
disabilities, there has long been skepticism regarding the
value of this approach for children with autism. This
skepticism has been fueled, in part, by the widespread
belief that children with autism require directive interac-
tion/instructional procedures to encourage them to perform,
or attempt, behaviors that are contrary to their basic ten-
dencies, as in the case of social engagement (Stahmer et al.
2005; Wong et al. 2014). It is further supported by evi-
dence from descriptive studies which indicate that parents
tend to be highly directive when their autistic children are
not engaged in social interaction. Many interpret these
findings as indicating that by becoming more directive
parents are making necessary and appropriate accommo-
dation to their children’s resistance to social interaction
(e.g., Adamson et al. 2004; Kasari et al. 1988).

It is in this context that findings from our mediation
analysis take on great importance. First, despite the
propensity of children with autism to avoid or resist social
interaction, parental interactions that were characterized by
high levels of responsiveness/affect were strongly associ-
ated with children becoming more actively engaged in
social interaction. In fact the parents who achieved the
highest levels of responsiveness/affect by the end of
intervention had children who displayed the highest levels
of engagement. In addition, while our results indicated that

parental directiveness was not associated with the quality
of children’s engagement, still correlations indicating that
the parents with the highest levels of directiveness dis-
played the lowest levels of responsiveness, seem to con-
tradict the belief that directiveness is an effective or
necessary interactive strategy for promoting children’s
social engagement.

Results indicating that the effects of the Responsive/
Affect interactive style promoted by PLAY on children’s
SA disorders was mediated by the impact of this style of
interaction on children’s social engagement are entirely
consistent with the DIR theory which is the foundation for
the PLAY. Given the apparent effectiveness of this inter-
active style at promoting children’s social engagement, it is
not surprising that parents who routinely use this interac-
tive style during daily routines and activities are actually
teaching their children to develop the habit of social
interaction. Over time this interactive pattern enhances
children’s social competence thereby reducing the severity
of their social affect disorders.

How Study Results Apply to CS Subjects and Others

Although the focus of this investigation was on the subjects
who received PLAY, it is important to note that our find-
ings also pertain to parents and children in the control
group. SA improvements were not only observed for 74 %
of the PLAY children, but for 51 % of the CS children as
well. Since CS subjects did not receive PLAY or any other
parent-mediated intervention, the design of this study
points to the possibility that the improvements made by
these subjects might be attributed to factors such as special
education/related services, maturation, or to ADOS mea-
surement error. While we are unable to rule out these
factors, results from our mediation analyses indicate that
the same pattern of improvements in parenting style and
children’s social engagement that were associated with
PLAY intervention effects also mediated the SA
improvements made by CS children.

That is, even though pre—post changes in Responsive/
Affect and child engagement were not significant for the
CS group, there was considerable within group variability
on these variables. More than 40 % of CS parents increased
their Responsiveness/Affect, while 36 % of their children
increased their social engagement as measured both by the
FEAS and the CBRS. Our mediation analyses indicated
that the effects of both Responsive/Affect and children’s
social engagement on SA Improvement were substantially
greater than were the treatment effects of PLAY. These
results indicate that the changes made by CS subjects in
Responsive/Affect and children’s social engagement were
also associated with the SA improvements made by CS
children.
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Insofar as parental Responsive/Affect and child
engagement can vary in other interventions for young
children with ASD, results from this study raise the pos-
sibility that the mechanisms of developmental change
identified in this study might be universal phenomena that
affect children’s SA disorders across all interventions. This
possibility points to the need for future research that
examines whether or how parenting style and children’s
social engagement are associated with child outcomes
attained in any intervention, regardless of the types of
procedures that are used and whether or not parents are
actively involved.

Practical Implications

Since the SA improvements made by PLAY children were
associated with improvements in social engagement that
were promoted by increases in their parents’ Responsive/
Affect, one of the major impediments to children benefit-
ting from PLAY was the failure of their parents’ to make
these interactive changes. Yet, the question remains why
this might have occurred.

Parents’ failure to make the changes recommended in
PLAY could be associated with a host of factors including:
the way interventionists present information; parents hav-
ing difficulty following through with PLAY suggestions
either due to challenges associated with interacting with
their children or other life circumstances; parents not
believing that PLAY information and strategies were rel-
evant to addressing their children’s developmental needs;
as well as parents’ convictions that the manner they cur-
rently interact with their children is more beneficial than
the recommendations provided in PLAY. Improvements in
the efficiency of PLAY not only requires that professionals
carefully monitor the effects of PLAY strategies on par-
ents’ interactive style throughout the course of interven-
tion, but also depends upon the development and
evaluation of innovative methods for teaching PLAY
strategies and encouraging parents to incorporate these
strategies into their routine interactions with their children.

Limitations of Study

The PLAY RCT had a number of strengths, including a
large sample from diverse communities, as well as a rig-
orous research design which included strong measures of
fidelity of implementation which underscore the validity of
the original findings. Although we concur that the CSS may
provide a more accurate measure of autism severity than
the ADOS-G, it is important to recognize that this assertion
remains to be empirically evaluated. Post hoc changes in
the primary study outcome measure to reassess original
data is a significant limitation of this study, particularly

@ Springer

insofar as it may have compromised our randomization
procedures. As a result, future RBI research is needed
which uses the CSS both to randomize subjects to treat-
ments and to determine the replicability of results reported
from this investigation.
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